Introduction
Pterygia are surface ocular lesions that begin growing from limbal epithelium that invades the cornea centripetally followed by conjunctival epithelium. 1, 2 Histologically, actively growing pterygia exhibit both degenerative and hyperplastic changes as well as proliferative and inflammatory disorders. 3, 4 They consist of an overlying conjunctival epithelium, which can appear normal or mildly hyperplastic. The underlying fibrovascular tissue usually presents a chronic inflammatory cellular infiltrate and rich vasculature. 4 The pathogenesis of pterygia is still controversial, although epidemiological studies have firmly established that ultraviolet radiation is an aetiologic agent for pterygia. 5 In addition, many fibroangiogenic growth factors have been implicated in pterygium pathogenesis, such as tumour necrosis factor-a (TNF-a), basic fibroblast growth factor (bFGF), platelet-derived growth factor (PDGF), and transforming growth factor-b (TGF-b). Immunoreactivity for these growth factors was located in the epithelial cells, endothelial cells of vessels, basement membranes of vessels and epithelium, fibroblasts, and infiltrating inflammatory cells in the pterygium. 6 Conjunctival epithelial cells are capable of producing proinflammatory cytokines, such as TNF-a and IL-1b, which in turn stimulate Tenon's capsule fibroblastic proliferation, in tissue cultures. 7 Angiogenesis is defined as the formation of new blood vessels from pre-existing vasculature and underlies a large number of physiological processes, 8 such as growth and differentiation, ovulation, would healing, and abnormal conditions such as neoplasia and eye diseases, which cause severe loss of vision. 9 The process of vascularization involves the activation of cell-derived angiogenic factors as well as the appropriate synthesis of extracellular matrix components necessary for anchorage of migrating endothelium. Among others, vascular endothelial growth factor (VEGF) presents of extremely interest, as its expression is induced by hypoxia.
The process of angiogenesis is governed by a complex balance of positive and negative regulatory factors. One of the most potent and specific angiogenic factors is VEGF, also known as vascular permeability factor and vasculotropin. 10 VEGF is a heparin-binding glycoprotein that has several important effects on vascular endothelial cells. This growth factor may produce in response to environment stimuli, mainly hypoxia, certain cytokines, and estradiol. [11] [12] [13] Currently, VEGF is considered to be the most selective mitogen for endothelial cells, 14 increases vascular permeability, 15 induces alterations in ion flow, cell proliferation, 16 and migration and release of proteinases. 17 In counterbalance, thrombospondin-1 (TSP-1) is a multifunctional platelet and extracellular matrix protein. 18 TSP-1 is involved in diverse processes such as regulation of cell growth, cell motility, inflammation, and wound healing. It modulates endothelial cell motility, growth, apoptosis, and adhesion to cancer cells, thus it is considered to be an inhibitor of angiogenesis. 19 In the present study, we assessed the interrelationship of microvessel density (MVD), assessed by CD31, with the expression of angiogenic factor VEGF and the endogenous inhibitor of angiogenesis TSP-1 in patients with pterygium and bulbar conjunctival, in an effort to elucidate the role of certain factors related to angiogenesis in the pathogenesis of pterygium. We emphasize on the fact that it is the first study that investigates the presence of TSP-1 in pterygium.
Materials and methods

Patients and study design
The study group included 52 cases of surgically excised pterygium, half of them nasal and temporal (51 were primary and one was recurrent). All the patients have been consented and the investigation has been appropriated by Hospital Ethic Committee. Twenty-two patients were male and 30 female, while the age range was 59-82 years. During excision, except from local, topical anaesthesia, no other chemical or pharmaceutical factor was administered. Seven nasal epibulbar conjunctivae segments, excised during cataract surgery near the limbus, were used as control tissue, after informed consent was obtained.
All sections were sent to the Pathology Department, were stained with hematoxylin-eosin and according to their main cellular component were categorized as vascular (30.8%), fibrous (25%), and mixed (44.2%).
Immunohistochemistry
Immunostaining was performed on formalin-fixed, paraffin-embedded tissue sections by the labelled streptavidin-avidin-biotin method. In brief, tissue sections of pterygium and normal conjunctiva, 2-4 mm thick, were deparaffinized in xylene and dehydrated. They were immersed in citrate buffer (0.1 ml, pH 0.6) and subjected to microwave irradiation twice for 15 min. Subsequently, all sections were treated for 30 min with 0.3% hydrogen peroxide in methanol to quench endogenous peroxidase activity. Monoclonal antibodies directed against CD31 (DAKO, dilution 1/50), VEGF (Neomarkers, dilution 1/50), and TSP (Menarin, dilution of 1 : 30) were applied. Mouse primary monoclonal antibodies were incubated on tissue sections overnight at 41C, and then extensively washed in 0.05 M Tris-buffered saline (pH 7.6), before the addition of biotinylated secondary antibody (goat anti-mouse). Sections were again washed and incubated with horseradish peroxidase-conjugated streptavidin (DAKO, 1 : 100) and developed the chromogen with immersion of the slides in a diaminobezidine-H 2 O 2 substrate for 5 min. Positive control slides were included in all cases, whereas sections subjected to the whole procedure, except incubation with the primary antibody, were used as 'negative' controls. All dilutions were made in TBS-1% BSA solution and were followed by overnight incubation.
The staining assessment of the three parameters was made by two experienced observers in light microscope.
MVD was evaluated by CD31 staining of vascular endothelial cells. Any stained endothelial cells or endothelial cell clusters clearly separated from connective tissue elements were considered as a single microvessel. A lumen was not required to identify a vessel. Large vessels with thick muscular walls were excluded from the count. Vessels within muscular walls or lumens larger than approximately eight red blood cells were also excluded from the count. Vessels had to be separated clearly from each other to be counted. No counts were performed in areas of necrosis or inflammation. In each sample, three areas of most prominent vascular density were identified at a Â 40 power field (0.65 mm 2 ) and the average number of the three counts was recorded.
Immunoreactivity for VEGF presented in endothelial, stromal, and epithelial cells was only assessed in epithelial cells. To evaluate the expression of VEGF protein in epithelial cells, we established a combined score corresponding to the sum of both (a) staining intensity (0 ¼ negative, 1 ¼ weak, 2 ¼ intermediate, regarded as weak, 3 as intermediate, and 4-6 as strongly positive. For the estimation in stromal and endothelial cells, we used a semiquantitative score with a three-scale system: 0, no expression; þ , focal expression; þ þ , diffuse expression.
For TSP-1, only extracellular matrix immunoreactivity was assessed. The results were graded according to the extent and the intensity of immunoreaction. Using a semiquantitative method, the tissue sections were classified as negative, þ 1: mild, focal; þ 2: strong, diffuse reactivity. The different staining patterns of VEGF and TSP-1 in pterygium tissues are demonstrated in Figure 1 .
Statistical analysis
The program SPSS for Windows Release 10.0 was used for statistical analysis. Pearson's and Spearman's correlation coefficients were used for the assessment of correlation between continuous variables. The Mann-Whitney U-test was used to assess the correlation between different protein patterns. The results were considered as statistically significant when Po0.05.
Results
The mean value of MVD in pterygium was 17.97 per high power field. Intense angiogenic activity was observed particularly at the subepithelial area (Figure 2 ). Pterygium tissues were more vascularized than normal conjunctivae, that presented mean MVD value of 5.72 per high power field, and a statistically significant correlation was demonstrated (P ¼ 0.001).
Intense immunoreactivity of epithelial, vascular endothelial, and many fibroblastic and inflammatory stromal cells was observed for VEGF. The staining reaction was diffuse, granular, cytoplasmic, with intensification at the superficial layers of the epithelium (Figure 2) . The mean percentage of VEGF-positive epithelial cells was 58.03%. Specifically, 24/52 (46.2%) cases presented high combined score (5-6) concerning VEGF ( Table 1) . A statistically significant difference with normal conjunctivae was demonstrated (P ¼ 0.007), which presented extremely high expression levels for VEGF in epithelial component (83.14%). In normal conjunctival tissues, no VEGF immunoreactivity was observed in endothelial or stromal cells, in contrast to the Figure 2 Immunohistochemical analysis of normal conjunctivae (1) and pterygium (2) for CD31, VEGF, and TSP-1 antibodies. Note (a) the presence of relatively small number of subepithelial CD31-positive vessels in conjunctival compared to pterygium tissue, (b) the intense staining of epithelial conjunctival cells for VEGF compared to the mild staining of pterygium, and (c) the absence of TSP-1 stromal expression in conjunctivae compared to the mild, patchy expression in pterygium. Table 2 . In Figure 2 , an intense case is presented.
In addition, mixed pterygium type presented significantly higher MVD values compared to fibrous ones (17.66 vs 9.56 per high power field, P ¼ 0.026), whereas immunoreactivity for VEGF was higher in pterygium of vascular type (P ¼ 0.048).
Discussion
Pterygium represents vascular, potentially invasive surface ocular lesions, which originate from activated stem cells of the limbus. 20 Immunopathogenic mechanisms 21 and overexpression of extracellular matrix components 22 seems to be implicated to their pathogenesis. Furthermore, recent studies show that pterygium can be the result of defective wound healing process, during which molecular events that lead to programmed cell death are modified. 23, 24 In the present study, the overexpression of VEGF in pterygium and the presence of abundant CD31-positive microvessels seems to be in accordance with previous reports [25] [26] [27] that consider neoangiogenesis a potentially important pathogenic contributor of pterygium.
We demonstrated that VEGF is overexpressed in pterygium endothelial and stromal cells, but not in epithelial cells, compared to normal conjunctival tissue. We should emphasize that VEGF has been reported 28 to be expressed in normal conjunctivae and other ocular tissues with neoangiogenesis. The result of the presented study contradicts previous reports, [29] [30] [31] [32] which demonstrated higher VEGF expression levels in pterygium compared to normal conjunctiva. We must notice that with the exception of the study of Van Setten et al 32 and Marcovich et al, 29 all other studies focus on the overexpression of VEGF in epithelial and vascular endothelial component of pterygium compared to normal conjunctivae. We emphasized in contrast to previous observers that the stromal compartment of pterygium presented a statistically significant higher expression compared to normal tissue. The intense expression of VEGF in epithelial cells of normal conjunctivae is probably not capable of inducing angiogenesis, as it seems to be from the low corresponding MVD values. This phenomenon is probably attributed to the absence of VEGF from endothelial and stromal cells. On the contrary, expression of VEGF in endothelial as well as in stromal cells of pterygium is probably capable of inducing significant angiogenic activity, expressed by high MVD values. We can postulate based on our observations that the accumulation of VEGF in epithelial cells reflects its production, whereas its accumulation in endothelial and stromal cells reflects its angiogenic activity. This is further emerges in our study by the finding of higher MVD values in fibrous compared to vascular pterygium subtypes. We confirm in this way the hypothesis of previous reports that stroma is quite important in pterygium pathogenesis. 33 According to these reports, the presence of proinflammatory cytokines secreted from the surface epithelium or from tears inflammatory cells induces the fibroblastic production of proteins related to remodelling of extracellular matrix and angiogenesis. Growth factors with potent angiogenic activity, such as FGF, PDGF, TGF-b, and TNF, have been found 6 to be secreted from fibroblastic and inflammatory pterygium cells as well as in tissue cultures from pterygium fibroblasts. From this and other studies, 34 we can postulate that various cytokines and growth factors including VEGF, attribute to cellular proliferation, inflammatory reaction, remodelling of extracellular matrix, and angiogenesis of pterygium.
One important finding of the present study was the characteristic absence of TSP-1, a well-known angiogenesis inhibitor, from almost half (44.2%) pterygium cases. The role of TSP-1 in the regulation of angiogenesis is not clear. Positive and negative effects of TSP-1 in angiogenesis have been reported. TSP-1 has an antiangiogenic activity that is involved 35 in the interaction of the microvascular endothelial cell receptor CD36 and in vivo and in vitro studies. In vivo and in vitro studies [36] [37] [38] have been shown that this protein may be inhibitory to angiogenesis. In contrast to these findings, a recent study by Nicosia and Tuszynski 39 has suggested that matrix-bound TSP-1 may indirectly promote angiogenesis in vitro. Our study is the first that deals with TSP-1 expression levels in pterygium, and in order to understand the results, we should take into consideration the double role of TSP-1 concerning angiogenesis.
Based on the above findings, we conclude that the overexpression of angiogenic factors and the concurrent decreased expression of angiogenesis inhibitor probably supplies one pathway for the pathogenic mechanism of pterygium as well as the possibility for therapeutic intervention in order to avoid pterygium recurrences.
